Design of Bimodal Pore Cu-Fe Based Catalyst with Enhanced Performances for Higher Alcohols Synthesis  by Ding, Mingyue et al.
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Applied Energy Innovation Institute
doi: 10.1016/j.egypro.2015.07.510 







a Key Laboratory of Renewable Energy, Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, 
Guangzhou 510640, PR China. 
b Graduate University of Chinese Academy of Sciences, Beijing 100049, China. 
c Department of Applied Chemistry, School of Engineering, University of Toyama, Gofuku 3190, Toyama 930-8555, Japan. 
$EVWUDFW




UHVXOWV LQGLFDWHG WKDW GHFUHDVLQJ VXSSRUW SRUH VL]HV UHVXOWHG LQ WKH LQFUHDVH RI%(7 VXUIDFH DUHD DQG GLVSHUVLRQ RI

















Available online at www.sciencedirect.com
768   Mingyue Ding et al. /  Energy Procedia  75 ( 2015 )  767 – 772 
GXULQJ+$67KXVKRZWRLPSURYHWKHFDWDO\WLFDFWLYLW\DQGVHOHFWLYLW\RIKLJKHUDOFRKROVEHFRPHVWKH
NH\ RI UHVHDUFK IRU IXUWKHU GHYHORSPHQW 7KH ELPRGDO VXSSRUW ZKHUH ERWK ODUJH SRUH DQG VPDOO SRUH
FRH[LVWKDVH[FHOOHQWDGYDQWDJHVIRULPSURYLQJWKHFDWDO\WLFDFWLYLW\DQGVHOHFWLYLW\RIWKHWDUJHWSURGXFW
EHFDXVHWKHODUJHSRUHVSURYLGHUDSLGWUDQVSRUWDWLRQVRIUHDFWDQWDQGSURGXFWPROHFXOHVZKLOHWKHVPDOO
SRUHV VLPXOWDQHRXVO\ SURYLGH D ODUJH VXSSRUWHGPHWDO DUHD >@ 5HFHQWO\ WKH ELPRGDO VXSSRUW LV XVHG
ZLGHO\ LQ WKH ILHOGV RI PHWKDQDWLRQ RI &2 DQG )LVFKHU7URSVFK V\QWKHVLV ZKLFK SUHVHQWV H[FHOOHQW
SHUIRUPDQFHVLQLPSURYLQJWKHFDWDO\WLFDFWLYLW\DQGVHOHFWLYLW\7KHVSDWLDODQGFKHPLFDOFKDUDFWHULVWLFV
RIELPRGDOVXSSRUWSURYLGHXVDQHZZD\WRVROYHWKHDERYHREVWDFOHLQ+$6+RZHYHUDQDSSOLFDWLRQRI
WKLV NLQG RI ELPRGDO VXSSRUW WR+$6 LV UDUHO\ UHSRUWHG ,Q WKH SUHVHQW VWXG\ WKH ELPRGDO SRUH&X)H
EDVHGFDWDO\VWVZLWKGLIIHUHQWSRUHVWUXFWXUHVZHUHSUHSDUHGWRLQYHVWLJDWHWKHHIIHFWRISRUHVWUXFWXUHRQ







7H[WXUDO SURSHUWLHV RI WKH FDWDO\VWV ZHUH PHDVXUHG E\ 1 SK\VLVRUSWLRQ DW  R& XVLQJ D
0LFURPHULWLFV$6$3LQVWUXPHQWV3RZGHU;UD\GLIIUDFWLRQSDWWHUQV;5'RIWKHFDWDO\VW
VDPSOHV ZHUH PHDVXUHG RQ D 'PD[5$ ;UD\ GLIIUDFWRPHWHU 5LJDNX -DSDQ 7HPSHUDWXUH
SURJUDP UHGXFWLRQ RI K\GURJHQ +735 ZDV FDUULHG RXW LQ D 8WXEH TXDUW] UHDFWRU ZLWK D
K\GURJHQDUJRQ PL[WXUH FRQWDLQLQJ  YRO  RI K\GURJHQ DV WKH UHGXFWLYH JDV 7KH KLJKHU
DOFRKROVV\QWKHVLVWHVWVZHUHFRQGXFWHGLQDIL[HGEHGVWDLQOHVVIORZPLFURUHDFWRU
 5HVXOWVDQGGLVFXVVLRQ
3.1 Textural properties of the bimodal supports and bimodal derived catalysts 
7KHSRUHVL]HGLVWULEXWLRQVRIGLIIHUHQWVXSSRUWVDUHVKRZQLQ)LJD7KHSRUHVL]HRI6*DQG66LV
DQGQPUHVSHFWLYHO\$VWKHVLOLFDVROLVDGGHGLQWRWKHVLOLFDJHOWKHREWDLQHGELPRGDOVXSSRUW0
FRQWDLQV DQGQPSRUHVPHDQWLPHZKLFK LQGLFDWHV WKDW FRPELQDWLRQRI6*DQG66 UHVXOWV LQ WKH
IRUPDWLRQRIELPRGDOSRUHVWUXFWXUHV2QWKHRWKHUKDQGSRUHVWUXFWXUHVRIWKHELPRGDOVXSSRUWPD\EH
DGMXVWHG HIIHFWLYHO\ E\ YDU\LQJ WKH FRQWHQW RI VLOLFD VRO LQ WKH ELPRGDO VXSSRUW )URP 7DEOH  LW LV
DSSDUHQW WKDW WKH %(7 VXUIDFH DUHD LQFUHDVHV ZKHUHDV SRUH YROXPH SUHVHQWV D GHFUHDVLQJ WUHQG ZLWK
JUDGXDOLQFUHDVLQJRI66FRQWHQWVXJJHVWLQJWKDWWKHLQFUHDVHLQ66FRQWHQWIDFLOLWDWHVVLOLFDVROHQWHULQJ
LQWR WKH ODUJH SRUHV RI VLOLFD JHO UHVXOWLQJ LQ WKH LQFUHDVH RI %(7 VXUIDFH DUHD DQG GHFUHDVH RI SRUH
YROXPH

















































6LOLFDVRO 6LOLFDJHO 6PDOOSRUH /DUJHSRUH
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6PDOOSRUH /DUJHSRUH G&X2 G)H2
&X)H.6*      
&X)H.0      
&X)H.0      
&X)H.0      
&X)H.0      
&X)H.66      
&RPSDUHG WR WKH SRUH VL]HV RI ELPRGDO VXSSRUWV ERWK WKH ODUJH SRUH DQG VPDOO SRUH VL]HV RI WKH
ELPRGDOPRGLILHG FDWDO\VWV GHFUHDVH VOLJKWO\ LQGLFDWLQJ WKDW ERWK WKH &X DQG )H DFWLYH HOHPHQWV KDYH
HQWHUHG LQWR WKH SRUH VWUXFWXUHV RI WKH ELPRGDO VXSSRUWV (VSHFLDOO\ ZLWK WKH JUDGXDO LQFUHDVH RI 66
FRQWHQW LQ WKHELPRGDOGHULYHG FDWDO\VWVERWK WKH ODUJHSRUH DQG VPDOO SRUH VL]HVSUHVHQW DGHFUHDVLQJ
WUHQGZKLFKDUHFRQVLVWHQWZLWKWKHYDULDWLRQWUHQGRISRUHVL]HVIRUWKHELPRGDOVXSSRUWV$FFRPSDQLHG
ZLWKWKHJUDGXDOLQFUHDVHRI66FRQWHQWIURPWRZWIRUWKHELPRGDOGHULYHGFDWDO\VWWKH&X2DQG
)H2 FU\VWDOOLWH VL]HV LQFUHDVH VORZO\ IURP DQG  QP WR  DQG QP UHVSHFWLYHO\ ,W LV
SRVVLEOHWKDWERWKWKHFRSSHUDQGLURQHOHPHQWVDUHZHOOGLVSHUVHGLQVLGHWKHODUJHDQGVPDOOSRUHVRIWKH
ELPRGDO VXSSRUW DV WKH VXSSRUWSRUH VL]HVDUH ODUJHU VXFKDV WKH0GHULYHGFDWDO\VW UHVXOWLQJ LQ WKH
GHFUHDVHRIPHWDOSDUWLFOHVL]HV:LWKWKHJUDGXDOGHFUHDVHRIVXSSRUWSRUHVL]HVWKHPHWDOQDQRSDUWLFOHV
PD\EHDJJUHJDWHGVORZO\XQGHUWKHFRQILQHPHQWRIWKHSRUHZDOOVLQFUHDVLQJWKHQDQRSDUWLFOHVL]HV
3.2 Temperature program reduction of the catalysts 
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7KH+735SURILOHVRI WKHELPRGDO VXSSRUW GHULYHG FDWDO\VWV DUH VKRZQ LQ)LJ2QHPDLQSHDN
ZLWKRQHVKRXOGHUSHDNDSSHDUHGDW&FRUUHVSRQGWRWKHUHGXFWLRQRI&X2ĺ&XDQG)H2ĺ
)H2IRUDOORIWKHFDWDO\VWVUHVSHFWLYHO\H[FHSWIRUWKH0GHULYHGFDWDO\VWVZKLFKSUHVHQWVRQHPDLQ
SHDNVFRUUHVSRQGLQJ WR WKH UHGXFWLRQRI&X)H VROLG VROXWLRQ ,QDGGLWLRQ D WDLOSHDNDSSHDUHGDW
 & IRU DOO RI WKH FDWDO\VWV LQ WKH +735 SURILOHV ZKLFK FRXOG EH DWWULEXWHG WR WKH UHGXFWLRQ RI
)H2 ,W FDQEH IRXQG WKDW WKH LQWHQVLW\RI&X2 UHGXFWLRQSHDNSUHVHQWV D GHFUHDVLQJ WUHQGZLWK WKH
JUDGXDO GHFUHDVH RI VXSSRUW SRUH VL]HV DQG GLVDSSHDUV FRPSOHWHO\ IRU WKH0 GHULYHG FDWDO\VWZKLFK
LQGLFDWHVWKDWWKHGHFUHDVHRIVXSSRUWSRUHVL]HVUHVXOWVLQSRVVLEO\WKHGHFUHDVHLQ&X2FRQWHQWZKHUHDV
SURPRWHVWKHIRUPDWLRQRI&X)HVROLGVROXWLRQ




























WKH IRUPDWLRQ RI &X)H VROLG VROXWLRQ YLD VWUHQJWKHQLQJ WKH LQWHUDFWLRQ RI &X DQG )H VSHFLHV LQ WKH
FRQILQHPHQWRIVXSSRUWSRUHVWUXFWXUHV























































)URP)LJE LW FDQEH IRXQG WKDW VRPHQHZGLIIUDFWLRQSHDNV LQ WKHXVHGELPRGDO VXSSRUWGHULYHG
FDWDO\VWVDSSHDUHGDWșYDOXHVRIDQGZKLFKLVDVFULEHGWRPHWDOOLF&X,QDGGLWLRQD
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EURDG SHDN DSSHDUHG DW DERXW  R PD\ EH DWWULEXWHG WR WKH IRUPDWLRQ RI LURQ FDUELGHV 7KH SHDN
LQWHQVLW\RIERWKWKHPHWDOOLF&XDQGLURQFDUELGHVGHFUHDVHVJUDGXDOO\ZLWKWKHGHFUHDVHRIVXSSRUWSRUH
VL]HVLPSO\LQJWKDWGHFUHDVLQJSRUHVL]HVRIELPRGDOVXSSRUWIDFLOLWDWHWKHGLVSHUVLRQRIERWKWKHPHWDOOLF
&X DQG LURQ FDUELGHV LQVLGH WKH SRUHZDOOV $FFRUGLQJ WR WKH %(7 UHVXOWV PHQWLRQHG DERYH WKH %(7








FDWDO\VWV RZQLQJ ODUJHU VXUIDFH DUHD DQG SRUH VWUXFWXUHV SUHVHQW KLJKHU +$6 DFWLYLW\ (VSHFLDOO\ WKH









VLWHV LQFUHDVHDQGV\QHUJLVWLFHIIHFWRI&X)HHQKDQFHVZKLFK LPSURYH WKHIRUPDWLRQRI&2+YLD WKH
VWUHQJWKHQLQJRIFDUERQFKDLQJURZWKDELOLW\RIPHWKDQRO
7DEOH+$6SHUIRUPDQFHVRIWKH&X)HVXSSRUWHGELPRGDOFDWDO\VWV
&DWDO\VWV ;FR 6HOHFWLYLW\ &2+&2+
52+ &2 +&
&X)H.6*     
&X)H.0     
&X)H.0     
&X)H.0     
&X)H.0     
&X)H.66     
 3.5 The reaction mechanism for higher alcohols synthesis 









WR DQ DGVRUEHG &2 WR IRUP &+[Q&2 DQG WKHQ WR SURGXFH PL[HG DOFRKROV YLD WKH K\GURJHQDWLRQ
UHDFWLRQ7KH LQFUHDVHRI VXUIDFH DUHD DQGGHFUHDVHRI ELPRGDO VXSSRUW SRUH VL]HV VKRUWHQ WKH GLVWDQFH
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7KH &X)H EDVHG FDWDO\VW SUHSDUHG E\ WKH PXOWLIXQFWLRQDO VLOLFDVLOLFD ELPRGDO VXSSRUW H[KLELWHG
H[FHOOHQW+$6SHUIRUPDQFHVGXHWRWKHVSDWLDODQGFKHPLFDOHIIHFWVRIWKHELPRGDOVXSSRUW7KHLQFUHDVH
RI%(7VXUIDFHDUHDDQGGHFUHDVHRIELPRGDOVXSSRUWSRUHVL]HVLPSURYHGWKHDFWLYHELPHWDOGLVSHUVLRQ














'U 0LQJ\XH 'LQJ DVVRFLDWH SURIHVVRU 0DVWHU 7XWRU HQJDJHG LQ WKH VWXG\ RQ WKH NH\
WHFKQRORJ\ RI FOHDQ OLTXLG IXHOV V\QWKHVLV V\VWHP LQWHJUDWLRQ DQG HQJLQHHULQJ
GHPRQVWUDWLRQIRUELRPDVVFRQYHUVLRQLQWRKLJKHUDOFRKROVHKHUDQGK\GURFDUERQV

